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SUMMARY 

A mock-up injection Impeller was designed and tested to Investi- 
gate the hydraulic characteristics and limitations of the NACA 
Injection Impeller designed for an 16-cyllnder double-row radial 
air-cooled engine having a normal rating of 2000 brake horsepower 
at 2400 rpm. In addition to determining the form and magnitude of 
the critical factors of fuel-transfer leakage and peripheral fuel 
distribution In the original unit designed for the engine, an Investi- 
gation was made of the effects of design variations In the component 
parts of the system on these hydraulic characteristics. Peripheral 
distribution, as Indicated by the method of collection, was satis- 
factory In the original design over the entire range of engine opera- 
tion. Transfer -leakage characteristics were also satisfactory but 
were found In subsequent test units to be sensitive to certain design 
changes. Results of these expanded tests led to the establishment 
of some basic design crlterlons and limitations for this type of fuel 
Injection system. From these design principles, several revisions In 
the nozzle ring, the collector cup, and the Impeller fuel-distribution 
annulus of the original -design unit were made to improve the fuel- 
transfer, fuel-pumping, and fuel-equalizing characteristics of the 
unit. 


INTRODUCTION 

At the request of the Air Technical Service Command, Army Air 
Forces, a general investigation of means to Improve the cooling of 
an 18-cyllnder double -row radial air-cooled engine Is being conducted 
at the NACA Cleveland laboratory. The NACA Injection Impeller, 
developed as part of this Investigation (see reference 1), was 
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designed and first used to Improve the oooling of the engine "by Improv- 
ing the fuel-air mixture distribution. This Injection-Impeller design, 
through a suitable transfer system, Introduces the fuel under the 
aotlon of centrifugal force Into the discharge portions of the Impeller 
air passages. The fuel Is thus discharged Into the air-flow system 
in a region of high temperature and velocity. 

The effectiveness of the NACA. Injection Impeller in reducing 
maximum cylinder-head temperatures depends upon the degree of 
uniformity of the resulting cylinder fuel-air mixtures. This 
variation in fuel -air mixture Is a function of the uniformity of 
both the air distribution in the intake system and the fuel distri- 
bution as established by impeller injection. Because these factors 
were not separately defined in the original tests, a program was 
set' up to investigate the factor of fuel distribution established 
by the hydraulic system of the NACA injection impeller. 

Injection-impeller fuel distribution is principally affected 
by transfer-leakage form and magnitude and peripheral discharge 
symmetry. These hydraulic characteristics were determined for the 
original NACA injection impeller designed for the double -row radial 
engine and the effects of alterations of the component parts of the 
unit were investigated. From the results of this investigation, design 
crlterlons and limiting conditions for the hydraulic system can he 
established. In addition to their use in providing the basis for 
substantial improvements in the hydraulic characteristics of the 
NACA injection impeller for the engine, these crlterlons and limita- 
tions can be employed in the construction of this type of injection 
impeller for use In any aircraft engine having cooling of other 
difficulties that arise from a nonuniform fuel distribution. 


APPARATUS 

In order to facilitate the investigation of the hydraulics of 
the NACA injection impeller, a mock-up containing the complete fuel- 
passage system but without the air passages of the bladed impeller 
was constructed. The use of the mock-up Injection impeller made 
possible a simple test installation and provided greater flexibility 
for design changes in both the impeller and fuel -transfer sections 
than would have been possible with the bladed Impeller. Sectional 
views of the NACA injection-impeller installation for the R-3350 
engine and the hydraulic mock-up installation for this impeller 
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are Bhown for comparison in figure 1. The outer diameter of the 
mook -up. -Impeller Is equal to the diameter at the point of discharge 
of the fuel Into the air streams of the bladed Impeller. ■ 

Because leakage between the stationary nozzle ring and the 
rotating collector oup (fig. l) was expected, the mock-up Impeller 
test rig was so designed that this fuel-transfer leakage upstream 
of the , impeller could he satisfactorily collected and measured. In 
an actual- engine Installation, any fuel leaking from the transfer 
section would he thrown out In a spray similar to that from a sllnger 
ring and would thus he drawn Into the Impeller with the entering air. 
Although the effects of impeller air flow and of discharge -stream 
Impingement against the Impeller blades could not he defined In the 
mock-up tests. It Is expected that the presence of Impeller blading 
and channel air flow haB no appreciable effect on Impeller fuel 
distribution. 

An alternate design Involving the Introduction of fuel directly 
Into the Impeller fuel-distribution annulus from the rear or web 
section of the Impeller was also constructed and Is shown In fig- 
ure 2. This direct-flow unit, which eliminated the functional neces- 
sity of the vaned collector cup and the fuel-transfer passages 
through the body of the Impeller, had a stationary nozzle< ring 
concentrically mounted around the Impeller shaft end to transfer 
the fluid symmetrically Into the Impeller cumulus. The nozzle -ring 
tubing, Bhown In the figure In a vertical plane, was Installed In a 
horizontal position In the Installations for both the direct-flow 
(fig. 2 ) and original (fig. 1(b)) mock-up units. 


TEST SETUP 

Injection-Impeller Installation. - The mock-up impeller was 
tested In a test installation that Incorporated an eleotrlc driving 
dynamometer and step-up gear box. In the Interests of safety, 
water was used for the mock-up tests Instead of gasoline and a 
density correction was applied to weight -flow data. The quantity 
of water metered to the external tubing connections of the nozzle 
ring was controlled by conventional valves and the water-flow regu- 
lation was therefore Independent of the Impeller speed. A rotameter 
measured the weight flow of water delivered. 

Transfer-leakage collector. - The fluid transfer leakage was 
collected In a drum- type chamber bolted to the gear box head and 
concentrically mounted around the collector-cup nozzle-ring section 
(fig. 1(b)). A seal ring located on the Collector oup prevented any 
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passage of liquid from the impeller-discharge-distribution oolleotor 
into the leakage collector. The transfer -leakage collector was 
fitted with a breather vent, a drain tube, and two transparent 
plastic side windows. These windows permitted visual observation 
of the form and magnitude of the transfer -leakage spray sheet and, 
in addition, provided access for assembly-clearance measurements. 

Discharge ■•distrib ution col lector , - The collector for deter- 
mining impeller-discharge distribution (fig. 1(b)) is a cylindrical 
drum divided into five equal chambers, numbered from 1 to 5 in the 
direction of impeller rotation beginning at the bottom. Because of 
the difficulties involved in drainage and inter-chamber leakage 
through the receiving annulus, it is not feasible to divide the 
collector into more than five chambers. 

The water leaving tbe Impeller periphery is discharged into the 
chambers through a receiving annulus .consisting of two radially 
converging lips welded to the inner sides of the chamber partitions. 
The receiving annulus extends circumferentially around the mock-up 
impeller directly in line with the discharge streams. The outer or 
converged opening of the receiving annulus is slightly wider than 
the estimated thiokness of the water Jets in order to induce a high 
velocity air flow with the emitting streams. This air swirl due to 
impeller rotation reduces the tendency of the liquid to drip back 
through the annulus opening. A drain is provided for any water or 
spray that might drip down the annulus lips or into the central 
section of the collector. 

Each chamber is fitted with an air vent and with drain tubes, 
which lead to a collecting tank stand. This tank stand is constructed 
to permit the taking of simultaneous collection readings for each of 
the five chambers. On the basis of an Inspection of collector 
operation and chamber-partition construction and spacing, it is 
estimated that the accuracy of chamber deviation readings Is approxi- 
mately 1 percent. 

Di scharge collector for dlreot-flow-lmpeller installation. - 
An alternate drum-type discharge collector with a face plate con- 
taining the mounting supports for the nozzle -ring section and the 
enclosing leakage collector was used for the tests of the direct- 
flow unit (fig. 2). Accessory parts are installed on the impeller 
rear faoe to deflect the flow into the impeller fuel-distribution 
armuluB and to Bllng the transfer leakage into the collector. 

The face-plate assembly of the collector can be replaced by a 
transparent plastic window in order to provide visual observation of 
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tho Impeller discharge of the original design units. Further inspec- 
tion of the nature of the 4 isoharga.. streams by photographic and ' 
strohosooplo examination 1 b thus permitted. 

Measurements. - The synraetry of the peripheral distribution was 
reoorded. as the percentage deviation of each chamber from the average 
flow collected in the five ohambers. The rate of flow into each 
ohamber- or section of the collector was calculated from individual 
bucket weights taken simultaneously over a suitable length of time. 
All data are expressed as a gasoline -weight flow equivalent to the 
volume of the measured weight of water. 

dynamometer speed, as measured by an eleotrically actuated 
revolution counter and a stop watch, was adjusted to maintain 
impeller speed's equivalent to those corresponding to engine operating 
speeds. Impeller operation 1 b therefore expressed in terms of engine 
speed and gasoline flow. 

Nozzle-ring water pressure was measured by a static-pressure 
tap at the bottom of the ring connected to water or mercury manom- 
eters . 


TESTS 

Fuel -flow test points over the established range of engine 
operation used in the mock-up tests were based on engine manufac- 
turer's data and were taken to Include the rated operation points 
run for the tests of the double -row radial engine using the NACA 
injection impeller. Mock-up fuel-flow values at engine speeds of 
2600 and 2600 rpm were Increased to Include approximately 40 and 
60 percent water injection, respectively. The normal range of 
engine operation was established In the mock -up tests as the test 
. fuel-flow points corresponding to engine speeds from 2000 to 
2800 rpm. 

Distribution tests included one run of test fuel flows at eight 
engine speeds from 600 to 2600 rpm and four runs over a full fuel- 
flow range at constant engine speeds of 2000, 2200, 2400, and 2600 rpm. 
Many of the fuel-flow test points were Included in each oonstant speed 
run, thus providing additional data for oonstant fuel-flow analysis. 

Transfer-leakage tests were run' at equivalent gasoline flow rates 
of 50 to 3200 pounds per hour at engine speeds of 1400, 2000, 2400, 
and 2800 rpm. Leakage data were also obtained from distribution 
tests. 
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In order to obtain visual observation of the f lav patterns of 
the discharge streams leaving the nozzle ring, stationary bench -flow 
tests over the full range- of fuel flow were conducted on the several 
nozzle rings. An indication of the transfer -leakage and flow -symmetry 
characteristics of a nozzle ring was thus obtained. 

Other special investigations lncludod visual pattern tests 
obtained by passing a fluid dye through the hydraulic system, accuracy 
tests on idle installation Itself to determine the effeot of alter- 
ations in the test setup, and a leakage and distribution run at an 
engine speed of 200 rpm to determine injeotion-impeller performance 
at engine starting conditions. 


HYDRAULIC CHARACTERISTICS OP NACA INJECTION IMPELLER 
FOR DOUBLE -ROW RADIAL ENGINE 

Flow capacity and leakage . - The transfer leakage (fig. 3) 
between the nozzle ring and the collector cup (fuel -transfer unit) 
in the NACA injection impeller for the double -row radial engine was 
relatively high at low flews,, gradually decreased to a minimum value, 
and increased again at high flows. An Increase in engine speed 
decreased the leakage at both high and low flows and increased the 
range of minimum leakage. In general, the transfer -leakage charac- 
teristics of the original design were satisfactory for use in con- 
junction with the engine, with leakage of less than 5 percent over 
the normal engine operating range. Leakages are given as percentages 
of total flow. 

Visual Inspection of the operation of the mock-up unit showed 
that, in the normal range of engine operation, the small amount of 
leakage was in the form of a fine peripheral sheet. In an engine 
therefore this leakage would be readily atomized and distributed 
with a reasonable degree of uniformity into the impeller entrance. 

Pherlpheral distribution of fuel. - Peripheral fuel distribution 
for the NACA injection impeller was satisfactory in the mock-up 
impeller tests for use in conjunction with ,the engine . The variation 
in the fuel discharge for the established test range of ongine opera- 
tion is shown in figure 4(a); figures 4(b) and (c) show results of 
typical constant-speed and constant -flew runs. The values of maximum 
deviation from symmetrical distribution found in these tests of the 
original Impeller are listed in the following table: 
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, MAXIMUM PERCENTAGE DEVIATION FROM AVERAGE FUEL-DISCHARGE 
DISTRIBUTION IN ORIGINAL BACA INJECTION IMPELLER 
FOR DOUBLE -BON RADIAL ENGINE 


Fuel flow 
Engine (lb/hr) 
speed 

300 

.1 

433 

575 

925 

1510 

2032 

2600 

3198 

200 

9.31 








1400 

9.47 








2000 

9.78 

7.25 

3.79 

2.72 

3.04 




2200 


9.56 

5.97 

2.29 

4.04 

3.71 



2400 

1 

\ 

t 

1 

6.83 

6.08 

3.25 

3.69 

3.03 


2000 

1 

1 

! 15.49 

6.13 

3.93 

2.21 

3.00 


From an Inspection of the constant- speed results , it can be seen 
that the distribution symmetry Improves with Increasing rates of 
flow, with the trend especially noticeable at very low flow rates. 
Constant-fuel flow data show a slight tendency for the distribution 
to became poorer with Increasing engine speeds. 

Starting conditions . - The mock-up Injection- impeller unit, 
when tested at starting conditions of an engine speed of 200 rpm 
and at a fuel flow of 3G0 pounds per hour, showed that the maximum 
variation from average distribution was approximately 10 percent and 
leakage approximately 15 percent. It is expected that no starting 
difficulties should result from the use of a fuel- Injection Impeller 
of this type. 


PERFORMANCE EFFECT OF DESIGN CHANGES 

General leakage characteristics . - in all injection- Impeller 
tests, the variation In fuel- transfer leakage followed the general 
trend shown in the curves of figure 3. The magnitude of the leakage 
at low fuel flows was, to- a large extent, a function of the nozzle- 
ring design. In bench-flow tests of -this original nozzle ring, all 
the fluid emitting from the holes did not flow clear of the nozzle- 
ring face In the form of Jets until a substantial flow was reached 
(approximately 900 lb/hr). At flows less than 900 pounds per hour, 
much of the fluid dripped directly down- the face of the ring and 
leaked out through the clearance between the nozzle ring and the 
collector cup. The drip was a result of insufficient flow, gravi- 
tation, and local flow concentration In the region of the inlet- 
tubing connections. 
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The critical fuel-flow rate of abort POO pounds per hour, as 
determined from benchrflow tests, generally marked the tr ans itio n 
to the mi nimum-leakage range (fig. 3). In this minimum- leakage 
portion cf the flow range, noszle-ring Jet velooity was sufficient 
to prevent direct dripping down the ring, face and the leakage was 
primarily a result of Jet divergence, gravitation, and entrance 
splashing. 

The increased leakage at high flows was due' to the inability 
of the collector cup and fuel- induction vane 3 to pump the larger 
amounts of fuel without overloading tho cup. Insufficient rotation 
was imparted to the fuel by the fuel- induction vanes; thus, fuel 
rotation at the entrance to the collectcr-cup discharge holes was 
not equal to cup rotation. This slip, in addition to a smal I change 
in axial-flow velocity through the cup, hydraulically limited the 
quantity of fuel that cculd be delivered by the cup for a given 
rotational speed. Another factor determining flow capacity was the 
air flow through the impeller passages . he cause the fuel flow did 
not completely fill tho passages, air was pumped through the hydrau- 
lic system from the collector cup-nozzle ring- clearance space, thus 
causing a pressure differential or suction across the clearance 
space and through the colloctor cup. The air flow thus induced 
increased the fuel discharge from the collector cup and wets also 
effective in reducing fuel- transfer losses across the clearance gap. 
The resultant of the induced air flow and the fluid- rotation effects 
determined the capacity of the collector cup before overflew and 
leakage occurred. 

Because fluid rotation and air-suction effect are functions of 
rotational speed, leakage rates wore lover for ni gn engine speeds 
than for low engine speeds (fig- 3). A restriction of the impeller- 
passage air flew, as shown in the mock-up tests, increased leakage 
at high fuel flows. 

Collect or-cu p and nozzle -ri ng design . - Tests of various modi- 
fications of the original injection-impeller unit indicated that 
leakage characteristics, particularly at high fuel flows, can he 
substantial 3.y improved hy providing greater pumping action in tho 
colloctor cup, A cup of rovised design incorporating greater 
pumping action resulted in the total elimination of tho increasing 
loakage tendencies at high flows, as shown in figure 5. These 
ourves, based on the original impeller for the double-row radial 
engine, show loakage values less than 5 percent over the entire 
spoed range at fuel flows from 600 to 3200 pounds per hour and 
values of about 1 percent at the higher flew rates. This high- 
flow characteristic is "'oiy desirable for the development of. large 
power outputs, especially when water injection is incorporated . 
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The principal design feature of this Improved cup was the 
increase, in the number of fuel-induotion spacer vanes from 11 to 16 
and the increase in radial height of the vanes to extend completely 
across the passage. The marked effeot of the increased pumping 
aotion provided "by the full vanes was clearly demonstrated "by a 
test of the revised collector cup in whioh the complete ■ removal of 
the fuel -induction vanes resulted in the reappearance of the large 
increase in leakage at high fuel flows and a leakage similar to that 
for the original collector cup. 

Another design feature of the revised oup Included a maximum 
increase in raduis through the oup vlth a rapid increase in radius 
at the entrance, thus providing a maximum axial centrifugal -foroe 
component. When the nozzle ring was redesigned to Incorporate 
slotted discharge orifices at a minimum radius, a correspondingly 
small cup entrance area at minimum radius was obtained. This area 
reduction resulted in a high- velocity air Inflow vlth the entering 
.jets at the collector-cup entrance. 

Analysis of performance results also indicated that Improved 
leakage characteristics in the low -flow and minimum-leakage range 
could be obtained by restricting the nozzle-ring discharge area and 
thereby increasing the discharge-jet velocity. A nozzle ring vlth 
slotted discharge orifices of a total area equal to approximately 
one -fourth that of the unit originally designed for the engine was 
tested in conjunction with the original-design collector cup and 
Impeller. Ihe unit incorporating this nozzle ring had excellent 
leakage characteristics, reducing the minimum leakage from a value 
of 2 percent to less than 0.5 percent and maintaining a leakage of 
less than 1 percent in the normal fuel -flow range from 1000 to 
2000 pounds per hour. The Increase in nozzle -discharge -Jet velocity 
was not effective in reducing leakage in the high-flow range. At an 
equivalent fuel flow of 2000 pounds per hour, the pressure drop 
across the nozzle-ring discharge orifices rose to 46 inches of 
mercury as compared with 4.1 Inches of mercury required by the 
original nozzle ring for the engine. The UBe of a reduced-area 
ring, because of its exoesslve pressure requirements, might, 
necessitate oarburetor and fuel-pump adjustments. 

Another method of improving low-flow leakage characteristics 
incorporated a circumferential lip at the outer radius of the nozzle- 
ring slots, which extended axially into the collector-cup-entrance 
annulus. The prevention of the direct leakage of fluid through the 
clearance spaoe by this method of collector-cup nozzle -ring overlap 
had a marked effect on low-flow leakage values up to 1000 pounds per 
hour. A slotted nozzle ring with a lip, tested with the original 
Impeller and collector cup, considerably reduced the low-flow leakage 
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found, far tills same Installation without the lip. In these tests, 
the lip feature had no effect on high -flow leakage tendencies. A 
unit combining both a method of overlap and the entrance features 
of the revised collector cup, however, could not be developed 
because of the spaco limitations of the injection- Impeller 
Installation In the engine. 

# 

N 02 .zle-ri.ng pressure . - Correlation of the mock-up inject ion- 
impeller tests and bench-flow tests of the nozzle ring showed that 
nozzle-ring pressure requirements could be determined from static 
tests; that is, the centrifugal action of the Impeller and the 
variation in clearance air flow did not measurably affect the 
pressure drop across the nozzle-ring discharge orifice. The effect 
of the form of discharge orifice was also negligible, as two similar 
nozzle rings with equal discharge areas, one with circular holes 
and the other with rectangular slots, lad nearly the same pressure 
requirements’. For the scope and conditions of the tests fuel 
metering was therefore a function of orifice area and discharge head. 
Results of the pressure investd.^ation showed that the pressure drop 
of the nozzle ring designed for the engine was in the allowable 
range for satisfactory .fuel metering without extensive alterations 
to standard carburotors. 


Impe ller fuel-: transfer passages . - The inclined fuel- transfer 
passages - of the impeller ac-t as a centrifugal pump in transferring 
the fuel flow from the collector cup to the distribution annulus. 
Results of tests and analyses indicated that a maximum increase in 
radius and an adequate transfer passage area are desirable. A reduc- 
tion in the number of transfer passages from 22 to 11 holes of 

-2- -inch diameter resulted in a- marked increase in leakage above 
32 

the fuel-flow rate of 10C0 pounds per hour. 


Fuel-discharge restrictive orifices . - A series of tests were 
run to investigate operating characteristics of a unit designed to 
increase the dispersion and atomization of the impeller discharge 
streams. This unit had restrictive orifices inserted in the radial - 
diBcharge passages at the points of fuel Injection around the 
impeller periphery. Orifice sets of one i-inch-, eleven i-inch-, 

twenty -two --inch-, eleven — -inch- . and twenty-t-.ro i - inch-diameter 
32 ' 64 64 

orifices were used in the same installations. Results of these 
teste showed a considerable increase in leakage for the reduced-size 
orifices. The restriction of the air flow through the impeller 
passages caused by the reduction in orifice area reduced the rotational 
suction effect through the collector cup and thus increased the 
magnitude of the leakage. The total orifice area, and to a larger 
extent, the area per orifice determined the maximum flow that could 
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be attained before the leakage became excessive. Of the five sets 
of orifices tested , the Impellers with 11 orifices ^ inch In 
diameter and 22 orifices Inch In diameter were found to have 
satisfactory leakage rate of less than 5 percent over the normal 
engine operating range. 

Peripheral symmetry of distributio n. - No appreciable differ- 
ence In distribution due to either Impeller or collector-cup design 
modifications vaB noted for any of the tests In which there were 
11 or 22 Impeller discharge orifices, regardless of the size of the 
restriction. It was found, however, that the symmetry of distribu- 
tion was affected by nozzle-ring performance. The variation In 
distribution symmetry In these tests was due to the Ineffectiveness 
of the Impeller fuel-distribution annulus and the collector cup as 
equalizing chambers In eliminating maldistribution of flow originating 
at the nozzle ring. On the basis of these distribution tests, It 
was concluded that, for a hydraulic system similar to that of the 
injection impeller designed for the engine, symmetry of peripheral 
distribution was principally a function of the distribution estab- 
lished at the nozzle “ring discharge. 

Nozzle-ring f low pattern . - Several distribution and bench-flow 
tests were conducted to Investigate the correlation between the flow 
distribution established at the nozzle-ring dis c h a rge and that 
obtained at the Impeller periphery. Constant- speed distribution 
trends over a range of fuel flows (fig. 4(b), for example) indicated 
large uniformity deviations at low flows with a gradually Improving 
discharge symmetry with Increasing fuel rates. This same result 
was observed In bench- flow tests of nozzle-ring flow patterns, which 
revealed a marked variation in the uniformity of the discharge at 
low rates of flew. The nozzle-ring flow variation gradually Improved 
with Increasing rates of flow until all holes were flowing uniformly 
full. Furthermore, the flow range at which all the discharge orifices 
ip the nozzle ring began to flow full was marked In the distribution 
tests by a corresponding Improvement In Impeller-discharge symmetry 
with a fairly consistent pattern maintained above that flow. 

In order to check further the effectiveness of the Impeller- 
collector cup unit in equalizing any asymmetry of flow originating 
at the nozzle ring, a set of tests was run on an Installation In 
which a marked nonuniformity of flow was created at the ring by 
alternately plugging a series of discharge orifices In various 
sectors of the nozzle ring. Bosults of this Investigation revealed 
a very definite increase in the deviation from average impeller 
distribution over the original open -discharge condition. The uniform 
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spacing of a large number of discharge orifices of minimum area Is 
therefore desirable for insuring a uniform nozzle-ring flow pattern 
and symmetrical impeller discharge . 

Dis tribution t hrough lmpollor . - A fluid dye was passed through 
the original impeller unit for the engine to indioate the flow pattern 
through the impeller and collector cup. The fluid ran directly from 
the collector cup and fuel -transfer passage to the corresponding radial 
discharge passage; thus the distribution established at the exit of 
the collector cup was carried through to the impeller discharge with- 
out any equalization in the impeller annulus. The entrance to the 
radial discharge passages in this unit provided insufficient restric- 
tion to cause fuel mixing or build-up at this point. 


The equalizing effect of fuel mixing in the impeller f Mal- 
distribution annulus was indicated by a tost of the original unit 
in which only one radial discharge passage was left open. Distribu- 
tion results revealed 300 ! characteristics with a definite improve- 
ment at low flows. A form of annulus restriction at the entrance to 
the discharge passages that would cause a common annular build-up 
of fluid without restricting the air flow is therefore desirable. 

The fuel-equalizing tendencies cf the unit might also be Improved 
by providing adequate fluid rotation in the collector cup and by 
providing a c ham ber in which the centrifugal forces of rotation 
equalize the fluid around the circumference of the cup. The 
colleotor-cup length and space available in tho unit designed for 
the engino were insufficient to realizo those principles completoly . 

Sys t e rn with progressive metering t o fuel-discharge pas sages . - 
As part of the impeller peripheral-distribution investigation, a 
further alteration was made in the impeller-annulus and radial- 
diBchorgo passage entrances to provide a mere pronounced equalizing- 
chamber distributing effect. The purpose of this design was to 
maintain a common fuel reservoir in the annulus over the full engine 
operating range by progressively restricting or metering the flow. 

This fuel build-up was accomplished by the insertion of metering 
plugs with delivery orifices of varying areas into counterbored 
recesses in the rod id-discharge passage entrances, as shown in 
figure 6. ThiB doBign was baaed on tho theory that a common fuel 
build-up under the action of centrifugal force would exert an equal 
discharge pressure on all del ivory orifices, thue tending to equalize 
any previous asymmetry of flow and to promote a uniform peripheral 
distribution. Air passages were provided in the plug stems to elim- 
inate any restriction to the air flow and thereby maintain minimum 
transfer leakage. 
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Teat results of this design Indicated that peripheral distri- 
hutlon ■ can be improved by a form of flow restriction and common f’.iel 
build-up. A ' set of tests run under build-up oonditicns (the existence 
of fuel build-up was verified by dye patterns) revealed a marked 
Improvement In the symmetry of the distribution. Maximum chamber 
deviations frcm perfect distribution were reduced over the no build- 
up condition from an average value of 7.30 to 3.21 percent over the 
test range of engine operation and an Improvement was realized over 
the distribution found in the test of the original uni t designed 
for the engine (4. 70 -percent average maximum deviation). 

It was found, however, that the size, the number, and the 
orientation of the discharge orifices were critical design factors. 

For the given depth of build-up, a change in the crifice size and 
location tended to shift the range in which best results were 
realized. Because the build-up is a function of both flow rate and 
engine speed, optimum design conditions would require a build-up 
depth range sufficient to rainta^n the pressiire effect over the 
complete engine operating range. Further investigation indicated 
that the discharge area required for this increased hulld-up depth 
would be so small that only a limited number of discharge orifices 
would be permitted. In this case, difficulties might arise due to 
the centrifugal separating action of the Impeller in depositing the 
sludge and impurities in the fuel and to the orifice-plugging 
tendencies of these impurities. 


CHARACTERISTICS OF DIRECT -FLOW IMPELLER 

Results of the leakage test conducted on the unit In which fuel 
was Introduced directly into the fuel-distribution annulus of the 
Impeller are shown in figure 7, The principal characteristic of 
these leakage results was the almost complete dependence of leakage 
on the rate of fuel flow for the greater portion of the test-flow 
range. Because fuel was delivered directly into the impeller annulus, 
the possible effects of the pumping action of a fuel-transfer unit 
were absent. Comparison of leakage results in the direct-injection 
(fig. 7) and the original-design (fig. 3) installations showed the 
effect of a transfer unit possessing insufficient pumping action. 

Transfer leakage in the direct -flow-impeller installation was 
primarily a funotlon of nozzle-ring flow character! sties. The general 
effects of nozzle -ring flow variations on leakage were similar to 
those described for the original nozzle ring designed for the double- 
row radial engine unit. In the direct -flow unit, gravitation and insuffi- 
cient flow caused direct dripping down the ring face and adhesion 
of the streams to the ring surface in the low-flow range of leakage. 
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At flows greater than the minimum leakage -values where ring discharge 
.jets were flowing clear, the gradual rise In leakage was due to an 
Increase In no7?.le -ring Jet divergence, splashing, and dripping. 

As only one of chis type of unit was tested, howevor, the complete 
leakage variations with fuel flow and engine speed were not explored. 
The leakage results of tho direct-flow unit over the test range of 
engine operation are generally similar to those of the original 
design unit for the engine, and therefore the use of this simplified 
design having minimum space requirements for any engine installation 
in which it can he used would he satisfactory. 


SUMMARY OF RESULTS 

Mock-up tests of the NACA injection impeller designed for an 
18-cylinder double -row radial air-oooled engine indicated that tho 
unit had the following hydraulic charaotorls-clcs: 

1, Fuel-transfer leakage characteristics were satisfactory, 
with a leakage of less than 5 percent over the normal operating 
range. Even this small amount of leakage was distributed with a 
reasonable degree of uniformity into the impeller entrance as a fine 
spray sheet. 

2. Peripheral fuel distribution was adequately uniform over the 
normal operating range with a maximum deviation of less than 5 per- 
cent, Distribution improved with increasing flow hut even at starting 
flows the degree of uniformity was satisfactory. 

From toBt investigations of component design alterations of 
the mock-up injection -impeller unit, the following characteristics 
and rosults were obtainod: 

1. The combination of 11 orifices rs- lnoh in diameter and 

1 16 

22 orifices gg- inch in diameter in the original design unit produced 

a satisfactory leakage characteristic of loss than 5 porcont over 
the normal engine operating range. Excessive leakage rates wero 

found with orifice sets of 11 and 22 orifices g-j- inch in diameter. 

2. Maximum fuel-pumping action in the collector cup was found 
desirable for best leakage characteristics. Improved pumping notion 
was obtained with a colleotor cup embodying an increase in the number 
and holght of the fuel-lnduotlon vanes. 
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3. Maximum nozzle -ring discharge -Jet velocity consistent with 
fuel-pressure limitations and a uniform spacing of a large number 
of discharge orifices of minimum area were found desirable for 
minimum leakage rates and for a uniform nozzle -ring flow pattern. 

4. Symmetry of peripheral distribution vas generally satis- 
factory for all operational design variations. A form of common 
fuel build -up In the Impeller was found effective In Improving 
distribution symnetry results. 

5. Transfer leakage for the single design unit In which fuel 
was delivered directly Into the distribution annulus of the Impeller 
was found to be less than 5 percent In the range of engine operation 
at fuel flows from about 1000 to 2400 pounds per hour. 


Bational Advisory Committee for Aeronautics, 
Aircraft Engine Research Laboratory, 
Cleveland, Ohio. 
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(a) Original installation for double-row 
radial engine. 


(b) Original mock-u p . i mpe I I e r test installation. 


Figure I. - NACA injection impeller. 
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Figure 2. - Direct-flow i n j ect i on- i rape I I e r installation. 
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Figure 3. - Leakage in fuel-transfer unit in original injection-impeller installation for double-row radial 
engi ne. 
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la) Test range of engine operation. 

Figure 4. - Peripheral fuel distribution in original injection impeller for double-row 
radial engine. 
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(a) Test range of engine operation. - Concluded. 


Figure 4. - Continued. 



lows at engine speed of 2400 
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Collector chamber 

(c) Engine speeds at fuel flow of 1510 pounds per hour. 


Fijgure 4. - Concluded. 




Fuel flow, Ib/hr 

Figure 5. - Leakage in f ue l-t ransf e r unit in original i nj ect i on- i mpe I l er installation for double-row radial 
engine with revised collector-cup nozzle-ring unit having increased pumping action. 
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Figure 7. - Transfer leakage in installation in which fuel was directly delivered into annulus of 
original injection impeller for double-row radial engine. 
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